Charm and beauty photoproduction has been studied in ep collisions at HERA with the ZEUS and H1 detectors. Heavy quarks were identified using different experimental techniques. Charm was identified via the reconstruction of D* mesons, while beauty was tagged via its semi-leptonic decay into leptons or using lifetime tagging techniques. Differential cross sections were measured and compared to leading order plus parton shower (LO+PS) Monte Carlo and next-to-leading order (NLO) QCD predictions.
Introduction
Heavy flavour production in e ± p collisions at HERA provides a good testing ground of perturbative Quantum Chromodynamics (QCD) as the high quark masses provide a hard scale. The analyses presented in this talk focus on the photoproduction regime, i.e. the photon virtuality, Q 2 , is required to fulfill Q 2 ≈ 0 GeV 2 . The measurements are compared to next-to-leading order (NLO) QCD predictions, for the calculation of which most of the analyses made use of the FMNR programme [1] . The programme is based on the Fixed Flavour Number Scheme (FFNS), in which the heavy flavours are generated dynamically in the matrix elements and no initial beauty or charm is assumed in the proton. This is valid for µ 2 ≈ O(m 2 q ), with q being the beauty or charm quark. Another scheme in use is the General Mass Variable Flavour Number Scheme (GMVFNS [2] ), which also treats the heavy quarks as massive at µ 2 ≈ O(m 2 q ), but as massless and part of the proton at µ 2 ≫ m 2 q . Different techniques can be used and combined to tag the quarks, such as meson tagging (e.g. D * tagging), lepton tagging using the decay spectra and lifetime tagging exploiting the long lifetime of the heavy hadrons. Various tracking improvements in both experiments allow for a more precise determination of impact parameters and secondary vertices when using data collected in the HERA II (2003) (2004) (2005) (2006) (2007) ) data taking period. The most recent results using these methods are presented here.
D * production
In this analysis done by the H1 collaboration [3] the charm quark is tagged by a D * meson decaying in the golden decay channel
A dataset corresponding to a luminosity of 93 pb −1 with events in the kinematic range Q 2 < 2 GeV 2 , 100 < W < 285 GeV, p t (D * ) > 1.8 GeV and |η(D * )| < 1.5 was selected. The number of D * mesons was determined from the M(Kππ) − M(Kπ) distribution, which is displayed in Fig. 1 . Figure 2 shows the differential cross sections as a function of p t (D * ) and η(D * ). The measurements were compared with two NLO QCD predictions, one using the Fixed Flavour Number Scheme (FFNS) within the FMNR programme and the other one using the General Mass Variable Flavour Number Scheme (GMVFNS). The data were found to be in reasonable agreement with both predictions; GMVFNS has a softer p t (D * ) spectrum and a slightly different shape in η(D * ) compared to FFNS and the measurement. Furthermore, doubledifferential cross sections as a function of p t (D * ) and η(D * ) were measured. Again good agreement between the measurements and both NLO predictions was observed in general; however, the theoretical uncertainties are very large and both predictions fail to describe the data at high p t (D * ) and high η(D * ) [3] .
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Beauty in dijet photoproduction using electrons
In this analysis done by the ZEUS collaboration the heavy quarks were tagged via their semileptonic decays into electrons [4] . A dataset corresponding to a luminosity of 120 pb −1 with events containing at least 2 jets with E Jet1(2) T > 7(6) GeV and |η Jet1(2) | < 2.5 was selected. In order to separate the beauty and charm signal from the background, five discriminating variables sensitive to electron identification as well as to semileptonic decays were used. For the electron identification the specific energy loss, dE/dx, the fraction of energy deposited in the electromagnetic part of the calorimeter and E/p were selected. Semileptonic decays were identified with the help of the angle ∆φ between the missing transverse momentum, p miss T , which accounts for the nondetected neutrino, and the electron candidate, as well as the transverse momentum of the electron relative to the jet axis, p rel t . The discriminating variables were combined in a likelihood fit in order to extract the fractions of events containing b quarks and those containing c quarks. Differential cross sections as a function of p e T and η e are shown in Fig. 3 . They are compared to the PYTHIA LO+PS Monte Carlo (MC) predictions [5] scaled according to the fit as well as to the NLO QCD predictions calculated with the FMNR programme. The predictions are in good agreement with the measurement. The charm cross sections were obtained in the same way [4] .
Beauty in dijet photoproduction using muons
Another approach for heavy flavour lepton tags is the use of semileptonic muons in the final state. Two very similar analyses were performed by the H1 and ZEUS collaborations using datasets corresponding to a luminosity of 170 pb −1 and 124 pb −1 , respectively [6, 7] . In both analyses, photoproduction events with at least 2 jets with p jet1(2) T > 7(6) GeV were selected. The muon candidates were reconstructed in the region −0.55 < η µ < 1.1 (H1) and −1.6 < η µ < 1.3 (ZEUS) and had to have a transverse momentum p µ t > 2.5 GeV (H1) and 1.5 GeV (ZEUS). For the separation of the b signal from charm and light flavour background events two discriminating variables were used: the impact parameter, δ , is defined as the point of closest approach in x-y of the track helix of the muon candidate with respect to the interaction point. It has a positive sign if the track crosses the axis of the associated jet within the jet hemisphere, otherwise
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Heavy flavour photoproduction at HERA For the H1 analysis differential cross sections as a function of p µ t , η µ , p jet1 t and the azimuthal angle between the two jets, δ φ jets , were calculated (see Fig. 5 ). The measurements were compared to the PYTHIA LO+PS MC and to QCD NLO predictions calculated with the FMNR programme. Good agreement between data and NLO predictions is observed, while the PYTHIA MC also describes the shapes well. Furthermore the new measurements were compared to a previous H1 result and found to be closer to the NLO predictions, while the previous measurement showed significant discrepancies at low p t . For the ZEUS analysis differential cross sections as a function of p µ t , η µ , p µ− j t and η µ− j were measured (see Fig. 6 ), here µ-j means the jet containing the muon. The measurements were compared to the PYTHIA LO+PS MC and to QCD NLO predictions calculated using the FMNR programme. Good agreement with the NLO predictions as well as the scaled PYTHIA MC was observed. The differential cross section as a function of η µ was in addition compared to results from a previous analysis, in which an external constraint on charm had to be applied. In the present analysis such a constraint was not needed anymore and the charm contribution was left as a free parameter in the fit. The results were found to be in very good agreement.
Beauty in dijet photoproduction using inclusive secondary vertexing
In this analysis done by the ZEUS collaboration [8] the heavy quarks were tagged without imposing any requirements on the B hadron decay channels. Therefore the measurement could be kept fully inclusive, resulting in a large gain in statistics. A dataset corresponding to an integrated luminosity of 128 pb −1 with photoproduction events containing at least 2 jets with p Jet1(2) T > 7(6) GeV was selected. For the separation of the beauty signal from charm and light flavours a secondary vertexing technique was used, exploiting the long lifetime of the B hadrons. Secondary vertices were fitted from well-reconstructed tracks associated to jets. Subsequently the 2-dimensional decay length, d, was calculated as the distance in x-y between the secondary vertex and the beam spot, which was then projected onto the jet axis. In order to further improve the separation between signal and background the decay length was combined with the invariant mass, m vtx , of the tracks fitted to 
Figure 7:
Decay length significance, S, for 2 GeV < m vtx < 7.5 GeV [8] the corresponding secondary vertex. In Fig. 7 the decay length significance, S = d/δ d, is displayed for 2 GeV < m vtx < 7.5 GeV, showing that for large m vtx and high significances the asymmetry of the decay length significance for events containing b quarks is large and an almost pure beauty sample can be obtained, allowing a direct comparison with the beauty MC prediction. The beauty-enriched region with m vtx > 2 GeV and S > 8 was found to be welldescribed by this Monte Carlo. For the extraction of the beauty contribution in the data, the negative part of the decay length significance distribution was mirrored and subtracted from the positive part, in order to minimize the light flavour contribution and to cancel out potential systematic effects. Subsequently, the mirrored distribution, S + − S − , was split into three bins of m vtx with the third bin being highly beauty-enriched, while the other two were dominated by charm. The beauty contribution was then determined from a χ 2 -fit of the beauty, charm and light flavour MC distributions to the data, simultaneously performed in all three m vtx bins. Differential cross sections as a function of p Jet T and η Jet were measured and compared to the scaled PYTHIA MC predictions as well as to QCD NLO predictions calculated using the FMNR programme (see Fig. 8 ). Good agreement between the measurements and both predictions was observed. The differential cross sections as a function of η Jet were additionally compared to the results of a previous analysis [9] . The measurements were found to be in good agreement, with the new result substantially increasing the precision of the measurement.
Summary
A selection of the latest results on heavy flavour photoproduction at HERA were presented. New methods for beauty and charm tagging were used and improved, among them various lifetime tagging techniques. The first ZEUS analysis on beauty production from inclusive secondary dσ/dp T b (pb/GeV) dσ/dp T (ep→ebX) dσ/dp vertexing was presented, which in contrast to the exclusive analyses has the advantage of not being restricted to a specific B hadron decay channel. It can be concluded that the various H1 and ZEUS measurements using different experimental techniques are in very good agreement, as is displayed in the summary plot in Fig. 9 , with the most recent measurements being denoted by open crosses, downward-pointing triangles and filled stars. The measured cross sections as a function of p T of the b quark are shown for several independent H1 and ZEUS analyses and compared to the NLO QCD prediction calculated using the FMNR programme. A general agreement with the NLO prediction is observed, giving a consistent picture of b quark photoproduction over a wide range of p b T .
